While the notification of cases continues to be so unsatisfactory as at present, incidence-rates, in this country at least, can only be regarded as extremely misleading, but death-rates are, within certain limits, fairly accurate, and their analysis has provided much valuable information. Especially valuable have been the analyses which, like those of the late Dr. Brownlee, have taken such a form as to suggest that, behind tuberculosis mortality lies a complex and imperfectly understood disease. For it must be conceded that tuberculosis, in spite of the fact that its causative germ is known, and that it has been the subject of endless investigations, is still imperfectly understood. Its manifestations at different age-periods and under different cultural and social conditions, vary as greatly, as if not one but several diseases were concerned.
As a criticism of the tendency to rely too exclusively on mortality statistics for epidemiological investigation, it seems reasonable to point out that, behind tuberculosis death-rates, lie at least three sets of circumstances: those concerned with infection, those favouring or retarding the development of infection into disease, and those leading on to or postponing the fatal termination.
Nor should it be forgotten that each of these three sets of circumstances is dual in nature, depending both upon the infecting germ and upon the infected organism.
It seems clear that epidemiologists should not passively receive and analyse the findings and records of clinicians and pathologists, but should actively associate themselves with the latter and attempt to find, in conjunction with them, new methods of approach to a subject which still defies exact comprehension, and as to which there is so little unanimity in the minds of investigators.
Brownlee's three types of tuberculosis mortality by ages, correspond to part only of the picture of the evolution of pulmonarv tuberculosis in man, but they represent the most important part of the problem as it arises in this country.
In order to appreciate their significance, however, it is necessary to go back to the tuberculosis of earlier age-groups in civilized communities and also to consider the tuberculosis of man in the more primitive types of society. It is necessary, too, to have regard to the infected but healthy majority which, in communities with an industrial type of civilization, escapes tuberculosis altogether although its members harbour, or have harboured, living tubercle bacilli.
In order to approach this question of tuberculosis as a whole, in its relation both to disease and resistance to disease, it is an advantage to have in mind some provisional " concept " which will cover not only the known facts of the disease but also the equally well recognized facts as to infecticn without perceptible disease.
The conception of tuberculosis to which the author has been led through his own observations, is as follows:
The first stage of tuberculous infection is one in which the lesions are in a " larval " state, localized, as a rule, at or near the portal of entry and in the nearest lymphatic glands, though, as yet, without any obviously harmful effect on the organism. This " larva] " stage may lead on rapidly to the generalization of the infection throughout the body, producing the " natural " tuberculosis characteristic of laboratory animals, infants and the adult members of hitherto uninfected communities after heavy infection; or it may remain latent in the form of " larval" lesions still capable, under disadvantageous conditions, of activation; or, if held in check, of creating the hypersensitive condition which leads to the inflammatory phenomena associated with reinfection and characteristic of the " modified " tuberculosis of later life in civilized communities.
Alternatively, such " larval " lesions may serve only as a stimulus to the development of humoral and cellular resistance against the spread of tuberculosis, so that the infective process may end by becoming " compensated" and ceasing to Be any further menace to health. Such a concept, together with the realization that, except in the artificial tuberculosis of experimental animals and in the accidental contamination of wounds and abrasions, tuberculosis infection is not usually a single event but rather a series of repeated re-infections, appears to cover the known facts, and affords a starting point for further inquiries.
In order to simplify this conception and to set it forth in relation to its bearing on the different types of tuberculosis encountered in medical practice, the schematic table given on p. 49 has been prepared.
With this tabular arrangement in mind, it is less difficult to pass on to the discussion of the various stages of tuberculous infection in their order as set forth above.
The " Larval " Stage of Tuberculosis.-A great deal of confusion has been brought into our conception of tuberculosis by the attempts of experimental workers to compare the tuberculosis produced in guinea-pigs and rabbits by a single large inoculated dose with the tuberculosis produced in man under the very different conditions of natural exposure to respiratory or alimentary infection in early life. The subcutaneous, intraperitoneal and intravenous methods of inoculation, while excellent as experimental procedures for the study of certain phenomena of tuberculosis, are totally different from anything that can happen in the natural FIG. 1.-" Larval" tuberculosis. Note the enlarged and caseoiis gland in between the bifurcation of the bronchi at root of right lung. The specimen is from a child of abouit seven years old killed in a motor accident. infection of man, and they tend to cut out what is perhaps the most important phase for the student of tuberculosis-the "larval" phase. Under natural, as opposed to "inoculation" conditions, the arena of the first encounter between the tubercle bacilli and the tissues of the human or animal "host" includes the portal of entry, the nearest lymphatic glands, and the tissue-spaces, lymph-channels and collections of lymphoid tissue which lie between. It is in this arena, one of the areas of " primary localization," that the " larval " phase goes through its evolution. In this evolution, the infective foci in the lymphatic glands play the largest part.
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Where the portal of entry is through the walls of the intestines, the tubercle bacillus appears, as a rule, to pass through to the mesenteric glands without leaving a local lesion behind it. When the bacilli enter through the tonsils or pharynx, there is usually marked involvement of the cervical lymphatic glands, though, except for occasional " concealed " foci in the tonsils, there is but little disturbance at the point of entry. Where the portal of infection is through the lungs, there tends, in most cases, to be a " primary " focus at or close to the point at which the bacilli have gained admittance; but, even here the lung focus tends to be decidedly less important than the corresponding lesions in the tracheo-broncbial glands. These latter tend to esc,pe detection, since they are usually invisible, even by X-rays, being hidden in the dense shadows of the heart, the mediastinum and the vertebral column. They are to be found, if carefully looked for, at post-mortem examinations, when death has occurred from some other cause, and, as a rule, they lead to little or no disturbance of health.
In order to reproduce this phase in experimental animals, it is necessary to bring about an infection without causing any traumatic injury to the tissues at the entry-point. This is best accomplished in guinea-pigs by the instillation of graded emulsions of tubercle bacilli into the conjunctival sac; a method which, provided the infecting dose is kept within suitable limits, is followed by marked cervical adenitis with relatively slight tuberculous disease at the conjunctival and nasal portals of entry: and ultimately by a slow generalization of the infection throughout the animal's organs.
It is possible, by this means, to bring about a fairly accurate reproduction of the phases of " natural" tuberculosis as they occur in man during infancy and early childhood; and the importance of the glandular localization during this "larval " phase is thus brought clearly to light.
It is to this phase of "primary localization," inclutding the lesions at or close to the point of entry and in the nearest lymphatic glands, that the author has applied the term " larval " tuberculosis ; and this name appears applicable to it so long as the lesions remain stfficiently active to be a potential source of autogenous re-infection.
That it may last on, through childhood and adolescence, into early adult life, and, in certain cases, even into middle age, has been shown by Konyevits in his studies of the cadavers of persons dying from influenza during the epidemic of 1918-1920; but the ultimate tendency, except in those relativelv rare cases in which generalization takes place, is towards gradual healing by calcification and fibrosis.
The pathological characters of the pulmonary lesions seen in infancy and childhood during this " larval " stage have been described by Kuss, Ranke, Albrecht and Ghon, Canti and many others.
The persistence of these "primary" lesions as inactive calcareous foci in the lungs of adults, and the marked contrast between their wide pulmonary distribution and the apical or sub-apical localization of the pulmonary lesions of later life, has been beautifully demonstrated by Opie in his combined radiological and pathological investigations on the lungs of adults. While, however, a great deal of stress has been laid on the tendency of these early lesions towards healing and inactivitv, their danger as potential sources of autogenous reinfection during adolescence and young adult life has not received sufficient attention. To this point it is hoped to return in the course of this address, but it is best to discuss it in its proper sequence.
The terms " natural" and "modified " tuberculosis, provisionally defined by the author in his " Hermann Biggs Memorial Lecture " in 1926, require some further consideration, more especially because subsequent investigations have led to a slightly different orientation of his ideas on this subject. "Natural " Tuberculosis.-The main characteristics of "natural " tuberculosis depend on the fact that the first infection, or the first series of infections, finds the organism in its " virgin " state, unprepared for invasion and incapable of FIG. 2.-" Natural tuberculosis." "Early generalization" (miliary). The specimen represents the spleen of an African native who died from acute generalized tuberculosis. This condition is usually described as " monkey spleen," and is comparable to what is seen in tuberculouis monkeys. immediate reaction. In these circumstances the bacilli excite no inflammatory phenomena in the tissues with which they come in contact and are, therefore, dealt with by the machinery normally available for disposing of inert particles. In other words, they are treated as dust is treated: taken up by phagocytes, carried quietly along lymphatic channels and filtered out in the nearest lymphatic glands. The subsequent events appear to depend chiefly upon the numbers of bacilli involved and the time elapsing before further generalization takes place; but there may also be non-specific factors depending upon the power of the glandular cells and fluids to interfere with the multiplication of the bacilli.
It appears probable that the numbers breathed-in or swallowed by human beings are never of the same order as the numbers commonly used for the experimental inoculation of animals, nor is there any traumatic disturbance of the tissues to facilitate the general spread of the bacilli.
It may safely be assumed that, under the conditions of natural infection, there must be a staqle of relatively unrestricted multiplication of the tubercle bacilli before generalization can take place, and everything points to the lymphatic ylands close to the normal portals of entry as the site of this multiplication.
If the multiplication is rapidly accomplished, the stage of generalization which follows finds the organism still relatively unprotected and defenceless, and the entry of large numbers of bacilli into the circulation may result either through the erosion of blood-vessels in the caseo-necrotic zone around progressive lesions, leading to miliary tuberculosis, or through the passage of infected phagocytes from the caseous glands along lymphatic channels into the thoracic duct and thus, through the general circulation, to such blood-filters as the spleen, the glands, the red marrow, the pia mater, and the other situations in which secondary or metastatic tuberculous foci are prone to develop.
This generalization may take place early or late, and since the results of early generalization tend to be very much more serious than those of later generalization, the two events are here treated under separate headings.
Early Generalization.-The acute tuberculosis caused by early generalization is seen in its most typical form in primitive adults when brought from their natural surroundings into sudden contact with infection. No description is necessary, since Borrel, in the report of his studies on the tuberculosis of Senegalese soldiers brought to France for military service in the late war, says the last word on this subject. It is worth recalling, in this connection, that Borrel, a very acute observer, differentiated clearly between an initial "glandular " stage, during which the general health was not much altered, and the subsequent stage of general tuberculosis in which a fatal result rapidly ensued. In other words, even in these rapid cases, there had been a " larval " stage, during which the bacilli underwent their necessary period of multiplication before they could bring about generalized infection of the organism.
This type of tuberculosis may be seen, too, in wild animals, especially monkeys, infected in captivity; and it may occur in European infants exposed to heavy infection in overcrowded houses or, much more rarely, in young children.
But even in primitive man, tuberculous infection alone will usually fail to produce this early generalization unless there are ancillary " factors of aggravation " operative at the same time. It is when these persons are exposed not only to tuberculous infection but also to an abrupt transfer to the unfamiliar conditions of diet, work and accommodation involved in military or industrial service, that they exhibit this fulminating variety of " natural " tuberculosis.
"Early" *dissemination, under the disadvantageous conditions mentioned, is usually of the "miliary " type; although the lesions seen at autopsy differ markedly from those associated with the miliary tuberculosis of adults in " civilized" communities, being much more diffuse, much larger and much more caseous.
Where the " early" dissemination takes place in subjects more favourably situated, as in most infants and young children in Europe and America, the risk of " miliary " spread is greatly reduced and " metastatic " dissemination is the rule.
Unless the metastatic foci happen to occur in situations where they are likely to do immediate and intolerable injury-such as the meninges-they may be well tolerated at first or may even become quite latent. They may, however, pass on fairly rapidly into clinically apparent disease, and it is not uncommon to see a number of secondary lesions develop simultaneously in several bones, joints, glands or other organs, in young children.
Late Generalization.-Behind the phenomena of late generalization lies the fact that a considerable period of time has elapsed since the first infection established itself in the tissues, and that this interval has afforded to the organism the opportunity of acquiring a specific hypersensitivity to the tubercle bacillus.
In his " Hermann Biggs Lecture," the author used the expression " mixed types" to include cases which, while retaining some of the characters of natural tuberculosis, yet showed evidence of considerable " modification," through the operation of this factor of hypersensitivity.
Later observations, however, have led him to realize that " larval " lesions may still give rise to generalized tuberculosis, even after they have been latent for a considerable time and in organisms that have become markedly allergic. It would seem, in fact, that a very high degree of allergic hypersensitivity is a sign of continued activity of the tuberculous process in larval lesions. Specific hypersensitivity 53
1.091 is just as much a part of "natural " tuberculosis as the specific infection which produces it. If, as was postulated in the lecture, " the main character of 'natural' tuberculosis is a tendency to generalization of infection throughout the body and the main character of 'modified' tuberculosis a tendency to pulmonary localization," then it follows that the " mixed types " are better included in "natural " tuberculosis as the more or less " modified " phenomena of a late generalization.
"Natural" tuberculosis, in short, is the result of the spread of the original lesions, and this spread may take place early or late. " Late" generalization, like early generalization, may be manifest as an acute and sudden invasion of the bloodstream resulting from the bursting of a tuberculous lesion into a blood-vessel or, much more commonly, as the gradual development of a localized tuberculous focus up to the point when it reaches the "clinical level," that is to say, when it causes signs and symptoms. But, in either case, the results tend to be very different from those of early generalization; and the difference lies in this: that late generalization, involving the spread of the infection into hypersensitive tissues, is accompanied by general disturbances, such as pyrexia, and, locally, by inflammatory reactions. These phenomena of " late generalization " include a long series of stages, varying according to the degree of resistance which has been acquired by the subject and also according to accidental and extraneous circumstances. It must be an accident, for instance, which determines the localization of a lesion in such a position that its spread leads to its opening into a blood-vessel and the consequent sudden dissemination of bacilli throughout all the organs of the body, and that extraneous circumstances may play a part is evident from the frequency with which South African natives, recruited in endemic areas and giving a high percentage of "positives" to tuberculin on arrival, develop generalized tuberculosis within a few weeks after starting work in the gold mines.
So acute and so generalized is the type of tuberculosis in these natives, that there is little to differentiate it from the tuberculosis of " virgin soil " described by Borrel in Senegalese soldiers in France, but-as will be seen when the Report of the South African Tuberculosis Research Committee is published-there are certain features characteristic of the South African type and distinct from the findings of Borrel, notably a greater tendency to pulmonary localization. While it is clear that the degree of resistance acquired by these natives along with their hypersensitivity is not sufficient to suppress heavy auto-reinfection, it is equally clear that they have attained to some power of modifying the course of their disease. This inability to develop a satisfactory measure of resistance under the stimulus of tuberculous infection appears to be characteristic of the African race, since it is noted not only in South Africa but in the negro population of America also where there has been contact with civilization, and tuberculosis, for eight or nine generations; but there is an approach to the same phenomenon in our own agricultural populations, especially in the more remote districts of Ireland, Wales, Scotland, and the islands around our coasts, and it seems more than probable that some of the " young adult " mortality noted by J. Brownlee in these localities ought to be classified as " natural " tuberculosis and regarded as due to auto-reinfection of the pulmonary tissue as the result of activation of " larval " lesions in adolescence and young adult life. It is seldom that the tuberculosis in such cases is confined to the lungs, although the pulmonary lesions attract clinical attention to the exclusion of less obvious foci, but the latter are usually to be found at post-mortem examination.
Life in a purely agricultural or pastoral community is in many respects the same for the South African natives and for the Irish, Scotch or Welsh country folk of the remoter counties. It is spent in the open-air by day and in small-and sometimes overcrowded-homes by night. If the family includes an open case of tuberculosis, then there is a great risk that the children, heavily contaminated, will die early from generalized disease or, having contracted a severe type of "larval " tuberculosis, will " break down" at the time of stress that comes with puberty and entry into wage-earning, thus adding to the " young adult " death-rate. But, where the home is free from infection, there is little chance of meeting with it in any dangerous concentration in the fields, and the individual may grow up free from either infection or resistance. Communities of this non-resistant type are liable to very severe tuberculosis when urban extension approaches their district and "tuberculization " first occurs. A most interesting commentary on this question is supplied by Biraud who illustrates his point by citing, amongst other instances, the " centrifugal progress of tuberculosis mortality in Sweden, 1801 to 1920."
But with " tuberculization" on the one hand and a raising of the standards of life on the other, the tendency of the original lesions to spread in the organism becomes less and less marked, and where metastatic spread has actually taken place at a time when the lesions were still in the larval state, the secondary foci so produced may remain latent for years, or perhaps disappear altogether. There is always the chance, however, that small and unsuspected foci in the kidneys or elsewhere may develop into activity late in life.
These forms of tuberculosis, which are frequently unassociated with pulmonary or other mianifestations of disease, should evidently be classified as late phenomena in "natural" tuberculosis, and regarded as the coming to fruition of bacillary metastasis from larval lesions rather than as primary tuberculosis of the organ concerned. "M lkodified " Tuberculosis. In contrast to " natural " tuberculosis, which results from the spread of the original early lesions and their early or late generalization throughout the body, " modified" tuberculosis includes those manifestations of the disease which result from the exogenous re-infection of hypersensitive tissues, and its characters depend upon the reactions which such re-infections evoke at the point of invasion.
It is obvious that the course of " natural " tuberculosis is more or less modified from the start by the gradual development of hypersensitivity and the power of resistance which goes hand in hand with the progress of the early infection, but the expression " modified tuberculosis " is intended to apply more particularly to the phenomena which occur when new infections gain a footing in tissues rendered hypersensitive by the development of earlier infective processes in the body. In other words, " modified tuberculosis " is the clinical expression of the experimental observation made by Robert Koch in 1901 and known as " Koch's Phenomenon." It is as well to describe this phenomenon in his own words "If we inoculate a healthy guinea-pig with a pure culture of bacilli, the inoculation-point generally closes up and the lesion appears to heal during the first few days. It is only towards the tenth to the fifteenth day that there appears at the point of inoculation a hard nodule which soon opens and leaves a fistula which persists up to the death of the animal.
But guinea-pigs already infected four to six weeks earlier and subjected to a re-inoculation, behave very differently. In them no nodule forimis at the point of re-inoculation but, within a day or so after the injection this point becomes indurated and takes on a deep red colour passing on to black over an area of from half to one centimeter in extent. During the next few days necrosis takes place in the skin. This soon sloughs away and leaves a superficial ulcer which soon heals completely without any swelling of the neighbouring glands."
Three features of this experiment stand out prominently in their clinical application; the tendency to necrosis and ulceration, the tendency to healing, and the apparent exemption of the neighbouring lymphatic glands.
" Modified " tuberculosis in man is usually a pulmonary phenomenon because it is through the inspired air that reinfections take place. It is a phenomenon of necrosis followed by cavitation, with resulting ulcerative lesions in the lung-tissue. The tendency to healing-while visible in the inflammatory reactions around the lesions and the formation of barriers of granulation and fibrous tissue separating the lesions from the surroundingtissues-is greatly hinderedby the constant mechanical stresses resulting from the drag of the chest walls in respiration. The almost complete absence of enlargement of the tracheo-bronchial glands, in spite of extensive lung-involvement, affords, perhaps, the most striking contrast to what occurs in the early stages of " natural" tuberculosis, where the lung lesions are minimal and the glandular lesions extensive. Chronic pulmonary phthisis is a replica of Koch's phenomenon. So, too, are tuberculous laryngitis and tuberculous ulceration of the intestines, in which the re-infection is caused by tubercle bacilli brought up from lung lesions and arrested on the laryngeal mucous membrane or swallowed into the alimentary tract.
The fact that these laryngeal and intestinal re-infections are by no means invariable as sequele of pulmonary tuberculosis shows how efficient is the resistance of the infected organism to re-infection, since the numbers of bacilli passing over the laryngeal and intestinal surfaces must be enormous, to judge by the numbers visible in the sputum and in the faces of heavily infected cases.
As to the difficulty of re-infecting already infected tissues, this fact of " acquired" relative immunity resulting from infection has been established over and over again by unexceptionable experiments. It is not necessary to quote in detail the numerous animal experiments carried out by Koch, Trudeau, Calmette, Baldwin, Stanley Griffith, Krause, Soper and a host of others, which place this proposition on a sure footing. The fact has been established beyond any possibility of doubt, and must be accepted by all, that the infected body offers a markedly enhanced resistance to re-infection. As to the mechanism of this resistance, the position is far less clear. There are doubtless an enhanced power of phagocytosis and an increase in bactericidal efficiency, but these factors are difficult to evaluate, owing to the error introduced into in vitro tests through the operation of "zones of inhibition" which interfere with opsonic estimations, and to the difficulties inseparable from " bactericidal" tests in connection with such a " slow-growing" and serum-resistant germ as the tubercle bacillus.
We know that a re-infection in tuberculous tissue leads to a different cytological picture from that characteristic of a first infection. There is a much closer approach to an ordinary intense inflammatory reaction-polymorphonuclear phagocytes appearing in large numbers, and this, perhaps, underlies the tendency to tissue necrosis and ulceration, with evacuation of the abscess and a tendency to spontaneous healing.
We possess accurate knowledge on at least one aspect of the problem. Thanks to the experiments of Krause and Willis, we know that " the difference of rapidity of movement of bacilli" along the tissue spaces and lymphatic channels is very great as between "immune and non-immune animals after intracutaneous infection, and over a lymphatic distance of 4 to 5 cm."-twenty-one days in the immunized, as against twenty-four hours in the non-immune guinea-pigs.
This retardation of spread, this effort to localize the trouble, is the outstanding feature of "modified" tuberculosis. It is this feature of " modified" tuberculosis which makes it a disease of surfaces, a disease of those external surfaces, such as the alveolar walls and alimentary muicous membranes, through which re-infections must take place and at which these re-infections are arrested-a contrast to the" natural tuberculosis" which has already penetrated far beyond these surfaces before it excites its characteristic lesions. All this evidence of the difficulty of re-infection of the infected organism leads on naturally to the question as to how exogenous re-infection of the lungs is at all possible if the resistance to re-infection is so great.
Seeing that, even in cases of well-marked pulmonary tuberculosis with heavily infected sputum, all of which passes up through the larynx and most of which is swallowed, re-infection of the laryngeal and intestinal mucous membranes only takes place in a minority of the cases, how can it be claimed that exogenous re-infection of the lung is possible ?
The lung is admittedly mnore susceptible to infection with tubercle bacilli than the intestine. As Neufeld says, " the doses active by inhalation are distinctly smaller than those effective by feeding."
That this must be so, where any relatively insoluble type of germ is concerned, is evident when we have regard to the fate of inanimate particles after inhalation and swallowing respectively. There is no tendency to accumulation of coal-dust in the intestines of coal-miners, but there is marked accumulation of coal-dust in their lungs. Insoluble particles pass through the intestines like a bismuth meal. But in the lungs the situation is very different. The ciliary mechanisnm of the bronchial mucous membrane is efficient for the larger particles which fall upon it, but there are no cilia in the alveoli, and it is only by the active intervention of phagocytes that these air-cells are kept clear of the fine dust particles which enter them. And the clearance is not back into the air passages but inwards, through the alveolar walls, into the pulmonary lymphatic channels and towards the glands at the roots of the lungs. So it is with inhaled tubercle bacilli in the non-allergic lungs of infants, but later in life their arrival in the lungs of hypersensitive subjects is followed by different results. In the latter they excite inflammatory reactions and consequently their passage along lymphatics is arrested or greatly delayed.
The allergic lung retains tubercle bacilli, just as the silicotic lung retains coal dust, the lymphatic channels of exit being blocked, in the one case, by inflammation, in the other, by fibrosis.
The explanation of pulmonary anthracosis is accumulation of dust particles. It is suggested that the explanation of "modified " pulmonary tuberculosis is the accumulation of tubercle bacilli. Only thus can exogenous re-infection be explained.
It is hard to believe that a dose of bacilli sufficient to bring about a tuberculous lesion in resistant soil can be inhaled on any single occasion, but if once the possibility of accumutlationt be conceded, the difficulty of insufficient dose disappears.
In communities such as our urban populations, in which upwards of 90% give a positive reaction to tuberculin, in which, to judge by recruiting statistics during the Great War, about two in every hundred are actually suffering from tuberculosis without being aware of the fact, and into the midst of which the patients discharged from tuberculosis hospitals and sanatoria are constantly re-introduced, the inhalation of occasional tubercle bacilli must be as difficult to avoid as the occasional inhalation of coal-dust. Where the working day is spent in close proximity to a case of open tuberculosis, the inhalation of germs must be more than occasional, and, where the case exists in the home, the entry of tubercle bacilli into the lungs of the rest of the family must be relatively frequent, according to the size of the living rooms, the amount of ventilation, and so on.
Doubtless the resistance to tuberculosis acquired early in city life suffices to kill off or neutralize such re-infections when the bacilli are few and the intervals considerable, but where the " infective potential'" of the air is high, or where there has been simultaneous or previous exposure to the inhalation of particulate matter such as silica dust, capable of favouring the growth of tubercle bacilli in the tissues or of interfering with the lymphatic drainage of the lungs, then it may be expected that the inhaled tubercle bacilli will accumulate and that there will be a risk of " modified " tuberculosis.
Once established, the very factors which defend the body from deeper spread of the infection-the granulation and fibrous tissue barriers produced around the bacillary focus-help to preserve the surviving bacilli from the bactericidal cells and humours, while the lymph-blockage produced by the lesion helps to retain in the immediate neighbourhood such fresh batches of tubercle bacilli as may later be breathed into the lung.
That accumulation of living tubercle bacilli may take place in the lungs is no mere theoretical suggestion. Opie, whose work has gone so far to prove the essential importance of exogenous re-infection in pulmonary tuberculosis, has shown, by his observations on cadavers, that " one-third of pulmonary apices, with no gross or microscopic evidence of past or present tuberculosis, have contained living tubercle bacilli, and the lung tissues from the bases have contained the micro-organism only slightly less frequently."
That minor re-infections occur, to a varying extent but in almost every case, appears clear from the results of "quantitative " tuberculin tests on persons free from clinical tuberculosis, which show great variations in the degree of hypersensitivity, as is seen in the following Here it is to be noted that out of 100 persons free from clinically manifest tuberculosis, 18 were so hypersensitive as to react up to a dilution of I in 100,000 of old tuberculin, 44 reacted to 1 in 10,000, 88 to 1 in 1,000 and 93 to 1 in 500. Of the seven negatives, it is probable that some or all would have given a positive reaction if stronger tuberculin had been used. All were adults and half the total number were over thirty-five years of age, so it is most unlikely that their hypersensitivity depended to any great extent upon the continued activity of " larval " lesions. It is much more probable that the variations in sensitivity, at least in the older individuals, were due to varying degrees of accumulated re-infection in the lungs.
The tuberculin tests here recorded were carried out on groups of mentally deficient persons in good bodily health. The thanks of the author are due to Dr. Goodall, the Medical Superintendent of the Cardiff City Mental Hospital, to his successor, Dr. McCowan, and to the other members of the Medical Staff of that Institution, for their kindness in affording opportunities for carrying out these tests. The findings are quite in line with those in other groups of healthy adults tested by the author, so need not be regarded as characteristic only of an asylum population.
The persistence of well-marked tuberculin sensitivity into late adult life is proof positive of re-infection with tubercle bacilli, since the effects of the early lesions must undoubtedly wane and finally disappear, as these lesions gradually become shut off in the process of spontaneous healing.
The picture suggested is one in which every adult member of an urban community is more or less constantly re-infected, but in very varying degree, according to his or her environment, and with very varying results as regards the subsequent development of clinically evident disease.
Some such explanation must underlie the differences between the tuberculosis mortality statistics in agricultural and industrial workers, between males and females, and between different age-groups. On such a conception, too, the effects of malnutrition, poverty, physiological stress, intercurrent disease and such ancillary factors in tuberculosis production are easily understood.
That the conception above formulated is not purely philosophical but is based on observation, the following details may perhaps show:
The justification for claiming a well-marked differentiation between "natural" and " modified " tuberculosis will be appreciated from the following tabular comparison between the post-mortem findings in South African natives dying at Johannesburg, on the one hand, and Europeans dying at the Victoria Chest Hospital, London, on the other. For the former, I am indebted to the South African Institute of Medical Research; for the latter, to The greater tendency to lung localization, cavitation and fibrosis in the London cases, and the much more marked generalization of the lesions in the abdominal viscera-the intestines and kidneys excepted-in the Africans, are evident and require little further comment.
The factor of modification" is, of course, operative in other ways besides its important function of determining localization of re-infections to the lungs and other exposed surfaces. It probably includes all the machinery of spontaneous self-immunization against tuberculosis.
An important element in the process of "modification " is the power of diminishing or neutralizing the toxic processes which lead to death in tuberculosis. The longer an individual, exposed to infection, retains his normal health before showing signs of clinical tuberculosis, the better will his chance be of keeping these toxic phenomena in check.
This is true even of the highly susceptible South African natives, as will be seen from the following table compiled from the clinical and radiological records of native cases at the Miners' Phthisis Bureau at Johannesburg, and studied by the It will be noted that the temperature was kept within normal limits in a much larger proportion of cases in those who developed tuberculosis after four or five years of work on the gold mines, as compared with those contracting the disease soon after arrival.
To appreciate the existence of similar factors modifying the course of established infections in this country, it is necessary to apply some form of classification based not only upon the extent of the disease, as in the international classification, but also upon the relation of the individual case to the past history of his or her infection, and upon the degree to which toxic phenomena are or are not under control.
A classification of pulmonary tuberculosis, formulated so as to include these points, was devised by the author in 1922 and was applied to a large number of patients by the Medical Staff of the Welsh National Memorial Association during 1923 and 1924. This classification has been described elsewhere, but its main features are here reproduced for the convenience of the reader:-" Cases are divided and subdivided as follows:-" Firstly, on the history and duration of the disease into:-" (A) Acute Initial Group.-A case is to be regarded as 'acute and initial ' when the progress of the illness has been continuous from the start, without healthy intervals of any considerable duration. If the disease has continued to progress for more than two years, it ceases to be 'acute and initial' and passes into the ' chronic or recrudescent' for purposes of classification. " (C) Chronic or Recrudescent Group.-A case is regarded as 'chonic or recrudescent' when there have been previous signs of tuberculous infection, such as hmmoptysis, pleurisy, bone, joint or gland disease, abdominal or pulmonary infection, but where these have been separated fronm the present illness by periods of relatively good health. All cases of over two years' duration are to be classified under this heading. It should be noted that acute exacerbations in the course of chronic tuberculosis fall into Group C.
" Secondly, on the anatomical extent of the lesions (international classification) into "(1) Minimal. Disease of slight severity, limited to small areas of one lobe. "(2) Moderately Advanced.-Disease of slight severity, more extensive than (1), but affecting, at most, the volume of one lobe; or severe, extending at most to the volume of one The periods of survival of the classified cases have been followed up since 1924, and the author desires to express his great indebtedness to his secretary, Miss K. L. Gough, to whom has fallen the laborious work of sorting the tuberculosis death returns from every part of Wales during subsequent years and entering the dates of deaths upon the case record cards. Thanks to these entries, it is becoming possible to obtain a good idea of the survival power in the different groups of classified cases, and it is hoped, in this way, to throw much light upon the facts underlying tuberculosis mortality in the future.
Some of the information already available may serve to illustrate the importance of the " modifying" factors resulting from infection, as regards their influence on the subsequent progress of the disease.
It will be seen, for instance, in the following table, that the C3a cases, although only differing from the A3a cases in the fact that they have given definite evidence of the existence of infection prior to the present illness, are much better able to cope with their tuberculosis than the latter, as shown by a longer survival period." COMPARISON OF SURVIVAL PERIODS IN IA3a" AND IC3a" CASES. The time factor is clearly of great importance. The longer the patient retains his health before "classification" as a tuberculous case, or, in other words, the greater his age when the disease develops, the better, within certain limits, is his chance of a fairly long survival. This enhanced resistance appears to reach a maximum in middle age and, at least in the worst cases, has, perhaps, some tendency to diminish in the later age-groups. The mortality within the first twelve months after the appearance of symptoms is terribly high in cases of this type, while the early deaths are at a minimum, and the late deaths, at four years and over, reach a maximum, in the 35-44 year decennial period. ADVANCED In the remainder of the classified cases in which the deaths have been notified to date, the same tendency to a better resistance in later life is to be observed, but not the fall in resistance in old age. The exclusion of the A3a and 03a cases leaves a group with a consistently better expectation of life, but the " survival" of those contracting the disease early remains brief. ALL CLASSIFIED CASES EXCEPT A3a AND C3a. AGE-GROUPS (PERCENTAGES). ,zurvival perio;s 
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Whether the views provisionally expressed in this paper are the correct ones or not, it is hoped that they may serve, at least, to show that there is still a vast field for epidemiological investigation in the direction of the systematic examination of clinical and pathological data. Whatever be the nature of the factors determining " modification" of type in tuberculous disease, they are almost certainly the same that enable a majority, in our industrial populations, to escape the disease in spite of constant exposure to infection, and as such they deserve the closest study.
